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ELECTRIC CABLE AND MANUFACTURING PROCESS THEREOF 

Electric cable, in particular for power transmission at low voltage, comprising at least one conductor and 
an insulating coating surrounding said at least one conductor, said insulating coating comprising at least 
two insulating layers. In a radial direction from the inside towards the outside of said electrical cable, said 
insulating coating comprises at least one insulating layer made of a non-expanded polymeric material 
and at least one insulating layer made of an expanded polymeric material. 
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"ELECTRIC CABLE AND MANUFACTURING PROCESS THEREOF" The present invention relates to an electric cable 
with increased flexibility and peellng-orf properties. 

Moreover, the present invention relates to an electric cable with increased intelligibility of the marked indicia thereon. 

in particular, the present invention relates to an electric cable for power transmission at low voltage, preferably said 
electric cable being suitable for building wiring. 

Furthermore, the present invention relates to a manufacturing process of said electric cable. 

in the present description, the expression'low voStage ; 'means a voltage of less than about 1 kV, the expression ;, medium 
voitage^means a voltage of between about 1 kV and about 30 kV, the expressiorfhigh voltage" means a voltage of 
between about 30 kV and about 220 kv\ while [he expressiorfextra high voltage"means a voltage of qreater than about 
22.0 kV, 



Cables for power transmission at low voltage are generally provided with a metallic conductor which is sur rcunded by an 
insulating coating adhering to said metallic conductor. 
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In the present description the expressicrv'cahSe eore'lndieates a structure comprising at least one conductor and a 
respective electric Insulating coating arranged in a position radially externa! to said conductor. 

For the purposes of the present description, the expressicn''unlpo!ar cabie"means a cable provided with a single core as 
defined above, while the expression "multipolar eabie"means a cabie provided with at ieast one pair of said cores. In 
greater detail, when the multipolar cabie has a number of cores equal to two, said cabie is technically defined as being 
a ,; bipolar cabie"', if there are three cores, said cable is known as a "tripolar cabie". and so on. 

In a position radially external to said insulating coating, cables for power transmission at low voltage can be provided with 
an outer polymeric sheath having the function of mechanically protecting the cables from the external environment, e. g, 
from any impact and/or abrasion that might lead to cabie cracks or ruptures formation. In a multipolar type configuration, 
in the case said outer protective polymeric sheath is present, the multipolar cabie is provided with a common sheath 
surrounding the cable cores as defined above. 

[Document US-4,789, 589 discloses an electric cable provided with a double layer insulating coating arranged upon a 
conductive element, said double layer comprising an inner layer of a polyolefin compound and of a cellular construction, 
and an outer layer of a given maximum thickness and of a non-cured and non-curabie polyolefin base compound having a 
solid (L e. non-expanded) construction, said base compound including a material compatible with tne polyolefin of the 



Preferably, the polyolefin of the outer layer is polyvinyl chloride. Document US-4,789, 589 refers to the problem of 
separation of the thin uncured outer layer from the Inner layer during the manufacturing process and/or during Installation 
of the cabie. The Applicant observed that such a solution can not correctly work since the inner insulating layer, due to its 
expanded state, presents discontinuities (!, e. 5 voids within the polymeric material, said voids being filled with air or gas) 
in the space sorrounding the conductor, i, e, in the space where the electrical field is the most relevant. 

Data communication cables provided with a double layer insulating coating comprising an inner layer of an expanded 
polyolefin compound and an outer layer of a non- expanded polyolefin base compound are described in documents CA- 
952,991 and US-5,841, 072. 

Document JP 90-3554* discloses an electric low voltage distribution cabie comprising a pair of twisted insulated 
conductors between which a foaming materia! is arranged. A sheathing material is also provided for covering the twisted 
cable cores. The foaming and the insulating material can be polyvinyl chloride. 

Document US-3,013, 109 relates to non-metallic sheathed cables for building wiring comprising a protective sheath made 
of expanded cellular organic material According to said document, the insulation is made of a dense solid material (a g, a 
dense semi-rigid polyvinyl chloride) while the outer protective sheath is composed essentially of a tough, flexible resinous 
plastic material such as polyvinyl chloride in expanded cellular form, Furthermore, document US-3,013, 109 states that 
the outer protective sheath is distinct from the insulation and is siippabie or siidable thereon with the result that the cabie 
can be readily bent without distortion in the plane of the conductors and, after being deliberately bent at a selected angle, 
the cabie maintains the bent shape indefinitely. 

Document JP 1 1 -203941 discloses a method for manufacturing a cabie provided with an insulating coating obtained from 
a resin composition mainly comprising vinyl chloride resin, and with an expanded sheath layer obtained from a 
composition malniy comprising vinyl chloride resin into which a foaming agent has been compounded. 

Document WO 98/52197, In the name of the Applicant, discloses the use of a layer made of expanded polymeric material 
of a suitable thickness to be applied in a position radially external to the aforesaid cable core. According to said document 
the expanded layer confers the cable high resistance to accidental impacts which might be suffered by the latter during 
the steps of cabie transport or laying. Said impacts are very dangerous for the cable since they can cause considerable 
damage to the cabie structure (for example deformation of the Insulating layer, detachment of the cable layers) 
determining, for example, changes In the electrical gradient of the insulating layer with a consequent reduction In Its 
insulating capacity. Said expanded layer is preferably located in a position immediately below the outer polymeric sheath 
of the cable and, being able of endowing the cabie with high impact strength, It makes possible to eliminate any 
traditional, generally metallic, protective armours. In order to confer the cable the desired impact resistance, the expanded 
layer is obtained from a polymeric material which, before expansion, has a fiexura! modulus at room temperature 
(measured according to ASTM Standard D790) of at least 200 MPa, 
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Document US-3,936, 591 discloses a non metallic- sheathed cable for building wiring comprising a wall of expanded 
polyvinyl chloride insulation surrounding each cable conductor and a thin-walled tubular jacket of polyvinyl chloride 
surrounding the totality of insulated conductors, said jacket conferring mechanical protection to the non metallic-sheathed 
cable. 

Generally, a cable for building wiring is installed within the wails of a building and the installation process requires that the 
cable passes through wails restrictions or, more frequently, that the cable is pulled through conduits, wherein the cable is 
permanently confined. 

In order to be correctly installed with simple and quick operations, a cable tor building wiring needs to be particularly 
flexible so that it can be inserted into the wail passages and/or wall conduits and follow the bends of the Installation path 
without being damaged. 

During customer Installation, due to the tortuosity of the installation path and to friction during the pulling operation, the 
cables for building wiring are generally subjected to tearing or scraping against rough edges and/or surfaces, 

The Applicant has perceived that an increased flexibility of an electric cable for building wiring can allow to reduce the 
damages caused by said tearing or scraping actions. 

Furthermore, a very important aspect which is required to be satisfied by a cable for building wiring is a simple and quick 
peeling -off of the cable. In the present description the term"peeling-off of a cable :, is used to indicate the removal of all the 
cable layers which are radially external to the conductor so that if results uncoated and can be electrically connected to a 
conductor of a further cable or to an electrical apparatus. 

The peeiirig-off property of a cable for building wiring is a widely felt request of the market since the peeling-off of a cable 
is an operation which is manually performed by the technical staff. For this reason, said operation is required to be easy 
and quick tc be performed by the operator, taking also into account that it is frequently carried out in narrow spaces and 
rather uncomfortable conditions. 

The Applicant has found that if is possible to improve the flexibility and the peeling-off property of a cable for building 
wiring by providing the latter with an insulating coating which has an expanded portion. 

Preferably, said expanded portion of the insulating coating is a circumferenfially extended layer. 

in particular, the Applicant has found that said expanded Insulating layer has to be preferably positioned not adhering to 
the cable conductor, i. e. not directly contacting the cable conductor, in other words, the Applicant has found to provide 
the cable with an insulating coating comprising at least two insulating layers so that in a radial direction from the inside 
towards the outside of the cable, the insulating coating comprises at least one insulating layer made of a non- expanded 
polymeric material and at least one insulating layer made of an expanded polymeric material. 

The Applicant has found that the presence of said expanded insulating layer in a position radially externa! to the non- 
expanded insulating layer is particularly advantageous in respect of the peeling-off property of the cable and the flexibility 
tnereof. 

The Applicant has found that the expanded insulating layer exerts on the conductor a ringing force in the radial direction 
which is lower than the ringing force exterted on the conductor by a non-expanded Insulating layer. For this reason, the 
force to be exterted by the operator to peel off the cable Insulating coating is remarkably reduced and the peeling-off 
property of the cable is favourably increased 

Moreover, by providing the cable with an expanded insulating layer the flexibility of the cable is advantageously increased 
wim tavourabie results in tne mstanaijon process tnereoL 

In a first aspect the present invention relates to an electric cable comprising a conductor and an insulating coating 
surrounding said conductor, said insulating coating having a predetermined thickness and comprising at least two 
insulating layers, characterized in that, in a radial direction from the inside towards the outside of said electrical cable, said 
insulating layers comprise at least one insulating layer made of a non-expanded polymeric material and at least one 
insulating layer made of an expanded polymeric material, said at least one insulating layer made of a non-expanded 
polymeric materia! being integral wiirh said at least one insulating layer made of an expanded polymeric material 
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According to the present invention, the predetermined thickness of said insulating coating is such that said insulating 
coating confers to the cable the eiectricai Insulating features required by the use it is provided for (a g defined by relevant 
Standards). In other words, in the case the cable is provided with a sheath radially external to said Insulating coating, said 
sheath does not contribute to obtain said required eiectricai insulating features, the required values of the latters being 
guaranteed by the insulating coating of predetermined thickness. 

According to the present invention, the thickness of said Insulating layer made of a non -expanded polymeric material is at 
least half of said predetermined thickness of said insulating coating. Preferably, the thickness of said insulating iayer 
made of a non-expanded polymeric materia! is not lower than 70% of the predetermined thickness of said insulating 
coating, more preferably the thickness of said insulating layer made of a non-expanded polymeric material is not lower 
than 85% of the predetermined thickness of said insulating coating. 

According to the present invention, the expanded insulating layer Is integral with the non-expanded insulating iayer so that 
said layers are bonded together to form the cabie insulating coating, in the present description, the term"integral"is used 
io Indicate that a unitary structure was obtained. Therefore, in the present description the expression"the expanded 
insulating layer is integral with the non -expanded insulating layer means tha.t"the expanded insulating iayer is formed as a 
unit with the non-expanded insulating layer". In other words, this means that the expanded and non-expanded insulating 
layers are bonded together and, once produced, they can not be separated without a cutting means or the like, for 
instance they can not be separated by applying a traction force thereto or by heating. 

Processes for obtaining a unitary structure as defined hereinabove, said unitary structure consisting of a first layer and a 
second layer, can be, for instance: a) a co-extrusion process of said first and second layers; b) the''tanderrf technique 
according to which the extruder of said first iayer and the extruder of said second iayer are arranged in series. Alternative 
embodiments of said above mentioned processes can include the step of application of a suitable adhesive layer between 
said first and second layers, for instance by means of said co-extrusion process or saidlanderrf technique. Particularly 
preferred is the co-extrusion technique so that the expanded insulating layer of the cable insulating coating is co-extrucled 
with the non- expanded insulating iayer of said cable Insulating coating. 

Preferably, the cabie according to the present invention is not provided with a sheath layer, unless a mechanical 
protective layer against accidental impacts or special abrasion resistance during the installation process thereof is 
required. In the present description, the term"cabie sheath layer'ls Intended to identify a protective outer layer of the cable 
having the function of protecting the latter from accidental impacts or abrasion, From the foregoing, according to the term 
mentioned above, the cabie sheath layer is not required to provide the cable with specific electrical insulating properties. 

Moreover, the Applicant has found that the cable according to the present Invention, thanks to the presence of the 
expanded insulating layer, can be easily and effectively marked. Generally a cable, such as a cabie for building wiring, 
needs to be marked In order to properly identify the cable. Indicia which are generally provided to the externa! surface of a 
cabie are, for example, the trade name, the name of the manufacturer, the Standard the cable is in accordance with, the 
production year. Generally, said indicia are provided every 0.5 nvl .0 m of cable length and it is important that the marked 
letters can be intelligible and simply recognizable by the operator, The Applicant has found that the expanded Insulating 
layer increases the intelligibility of the marked letters, in fact, the presenoe of said expanded insulating iayer allows the 
marked letters to stand out from the cable surface more clearly with respect to the case in which the expanded layer is net 
present. 

Furthermore, the expanded insulating iayer of the cabie according to the present Invention advantageously decreases the 
total 'weight of the cabie so that its installation and transportation is easier and its costs can be remarkably reduced. 

In a further aspect of the present invention, the cable Insulating coating according to the present invention comprises 
three insulating layers. In a radial direction from the inside towards the outside of the electric cable, said insulating coating 
comprises: a) an inner insulating layer made of a non-expanded polymeric material; b) an intermediate non continuous 
insulating layer made of an expanded polymeric material; o) a continuous external insulating layer made of an expanded 
polymeric material. 

in a further aspect of the present invention, the cable Insulating coating according to the present invention comprises, in a 
radial direction from the Inside towards the outside of the electric cable: a) an inner insulating layer made of a non- 
expanded polymeric material; b) an intermediate insulating layer made of an expanded polymeric material; c) an external 
insulating layer made of a non-expanded polymeric material. 

Preferably, said inner insulating layer and said external insulating layer are made of the same polymeric material. 
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The Applicant has found that, even though the expanded insulating layer Is an intermediate layer and is not an external 
insulating layer, the markabiiity of the cabie and the peeilng-off property thereof are favourably increased by the presence 
of satd expanded layer. 

In a further aspect the present invention relates to a process for manufacturing an electric cable comprising a conductor 
and an Insulating coating surrounding said conductor, said insulating coating comprising, in a radial direction from the 
inside towards the outside of said electrical cable, at least one insulating layer made of a non-expanded polymeric 
material and at least one insulating layer made of an expanded polymeric material, said process comprising the steps of: 
a) feeding said at least one conductor to an extruding machine; b) depositing by co-extrusion: a non-expandable 
polymeric materia! in a position radially externa! to said at least one conductor so as to form said at least one insulating 
layer made of a non -expanded polymeric material; and an expandable polymeric material in a position radially external to 
said at least one insulating layer made of a non-expanded polymeric material so as to form said at least, one insulating 
layer made of an expanded polymeric material; c) expanding said expandable polymeric materia! during said step of 
depositing by co-extruslon. 

Further characteristics and advantages will become dearer In the Sight of the foiiowing description of some preferred 
embodiments of the present invention. 

The foiiowing description makes reference to the accompanying drawings, in which: Figure 1 shows a cross right section 
of an example of a cable according to the present invention; Figure 2 shows a cross right section of an example of a 
further embodiment of a cabie according to the present invention, and Figure 3 shows a cross right section of an example 
of a further embodiment of the cabie of Figure 2. 

In the following of the present description, the renrTexpanded polymeric materiai"means a polymer ic materia! with a 
predetermined percentage of"free"space inside the material, i. e. a space not occupied by the polymeric material, but by 
gas or air. 

In general, said percentage of free space in an expanded polymer is expressed by the so-ca!!ed"expansicn degree" (G), 
defined as follows: G - (do/de-1 ) * 1 00 where do denotes the density of the unexpanded polymer and de denotes the 
apparent density measured on the expanded poiymer. 

The expanded polymeric material of the expanded insulating layer comprises at least one expandable polymer, if 
necessary said poiymer, after expansion, can be erossiinked, as described In the foiiowing of the present description. 

Said expandable polymer can be selected from the group comprising: poiyoiefins, copolymers of various olefins, 
olefins/unsaturated esters copolymers, polyesters, and mixtures thereof. Examples of suitable polymers are; polyethylene 
(PE), in particular low- density PEE (LDPE), medium-density PE (MDPE), high-density PE (HOPE) and linear low-density 
PE (LLDPE); polypropylene (PP); ethylene-propylene elastomerlc copolymers (EPM) or elhyiene-propylene-dlene 
terpolymers (EPDM); natural rubber; butyl rubber; ethyiene/viny! ester copolymers, for example ethylene/vinyi acetate 
(EVA); eihyiene/aerylate copolymers; ethyiene/a-olefin thermoplastic copolymers; polystyrene; acryionitrile- butadiene- 
sty rene resins (ABS); hasogenated polymers, in particular polyvinyl chloride (PVC); polyurethane (PUR); polyamides; 
arc malic polyesters; and iheir copolymers or mechanical blends. 

Polyvinyl chloride is particularly preferred. 

In the attached figures, similar or identical components have been given the same reference signs. 

Figure 1 shows the cross section of a first embodiment of a cable 1 0 for power transmission at low voltage according to 
the present invention. 

Cabie 10 is of the unipolar type and comprises a conductor 1 and an insulating coating 2 comprising two insulating layers 
3,4. In details, according to the embodiment shown in Figure 1, the insulating coating 2 comprises a first inner Insulating 
layer 3 surrounding the conductor 1 and adhering thereto, and a second insulating layer 4 which is coaxial with and 
external to said inner insulating layer 3, T he inner Insulating layer 3 is non-expanded while the external insulating layer 4 
is made of an expanded polymeric composition having electrical insulating properties, said polymeric composition 
comprising at least one expandable polymer chosen from the group mentioned above. 
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The expansion degree of the external expanded insulating layer 4 is generally between 2% and 500%, preferably between 
5% and 2Q0% ; more preferably between 10% and 50%. As explained in the following of the present description, the 
expansion of the polymeric base of said external insulating layer 4 is carried out during the extrusion step and can be 
effected either chemically or physically, An expansion degree between 2% and 100% can be obtained by means of an 
expansion of the chemical type. On the contrary, an expansion of the physical type can produce a very high expansion 
degree (i. e. , equal to 500%), but it Is more expensive than the chemical type. 

For the purposes of the present Invention It Is considered to be expanded a layer whose polymeric base has an expansion 
degree not lower than 2%. 

Further more, according to the embodiment of Figure 1 . the inner insulating layer 3 is made of a non-expanded polymeric 
composition having electrical Insulating properties, said polymeric composition comprising at least one polymer chosen, 
for example, from: pciyciefins (hcmopolymers or copolymers of various olefins), ethylenicaily unsaturated olefin/ester 
copolymers, polyvinyl chloride (PVC), polyesters, poiyethers, polyether/polyester copolymers, and blends thereof. 

Examples of such polymers are: polyethylene (PE), in particular linear low-density PE (LLDPE); polypropylene (PP); 
propylene/ethylene thermoplastic copolymers: ethylene/propylene rubbers ■ EPR) or ethylene/propylene/diene rubbers 
(EPDM); natural rubbers; butyl rubbers;' ethylene/vlnyl acetate (EVA) copolymers; ethylene/methyl acryiate (EM A) 
copolymers; ethylene/ethyl acryiate (EEA) copolymers; ethylene/butyl acryiate (EBA) copolymers; ethylene/a-olefin 
copolymers, and the like. 

Polyvinyl chloride is particularly preferred. 

Preferably, the insulating layers 3,4 of the insulating coating 2 are made of the same base polymer 
Preferably, said base polymer is polyvinyl chloride (PVC), 

Except for the expanding agent, preferably the polymeric compositions of the non-expanded Insulating layer and of the 
expanded insulating layer have the same recipe ingredients. 

For a conductor or a given cross section, Italian Standard G El-UN EL 35752 (2nd Edition-February 1990) sets a 
predetermined average thickness of the insulating coaling to be provided to the cable so that at a predetermined 
temperature, a minimum electrical resistance of said Insulating coating needs to be guaranteed. For example, for a single 
conductor having a cross section of about i mm said Italian Standard requires an average thickness of the insulating 
coating of about 0, 7 mm in order to obtain, at 70 °G, a minimum electrical resistance of said insulating coating of about 
0.095 MOhm*km. For example, for a single conductor having a cross section of about 1 0 mm2, said Italian Standard 
requires an average thickness of the insulating coating of about 1 .0 mm in order to obtain, at 70 °G, a minimum electrical 
resistance of said Insulating coating of about 1 ,91 MoWkm, 

Therefore, according to the present invention, the minimum average thickness of the insulating coating of an electrical 
cable is predetermined so that the reauired electric insulating properties are compatible with the Standards (e. g. Italian 
Standard CEI-UNEL 35752 or any other Standard equivalent thereto) and are satisfied by said insulating coating. 

For instance, the predetermined thickness of the insulating coating is such that, at 70 °C, the minimum value of the electric 
resistance of said insulating coating Is greater than 0.024 MOhm*km, 

For instance, the minimum average thickness of the insulating coating of the electrical cable is not greater than 2.5 mm. 

Furthermore, according to the present invention, the insulating constant ki of the electrical Insulating layers 3,4 is such 
that the required electric insulating properties are compatible with the Standards (a g. 

Italian Standard CEI 20-1 1 or other equivalent Standards). For instance, the electrical insulating layers 3.4 have an 
insulating constant ki greater than 750 MOhrrfkm at 20 °C, For instance, said insulating constant ki is greater than 0.3 
MOhrn*km at 70°C. 

According to the present invention, in order to confer to the external Insulating layer a suitable mechanical resistance 
without decreasing the flexibility of the cable, the expanded polymeric material of the external insulating layer is obtained 
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from a polymeric material that, before expansion, has a fiexurai modulus at room temperature, measured according to 
ASTM standard D790-86, comprised between 20 MPa and 600 MPa. 

Preferably, said fiexurai modulus at room temperature is not greater than 200 MPa, more preferably it is comprised 
between 20 MPa and 200 MPa, even more preferably it is comprised between 10 MPa and 150 MPa. 

Preferably, the external insulating layer 4 has a thickness comprised between 0.05 mm and 1 .00 mm ; more preferably 
between 0.10 mm and 0,50 mm. 

Figure 2 shows the cross section of a further embodiment of a cable 20 for power transmission at low voltage according to 
the present invention. 

Cable 20 is of the unipolar type and comprises a conductor 1 surrounded by a multilayer insulating coating 21 , in details, 
according to said embodiment the insulating coating 21 comprises: an inner insulating layer 3 surrounding the conductor 1 
and adhering thereto; an external insulating layer 4 coaxial with said Inner insulating layer 3; and an intermediate 
insulating layer 5 which Is interposed between saici inner insulating layer 3 and said external insulating layer 4. 

According to the embodiment shown in Figure 2, the intermediate insulating layer 5 Is elrcumferentiaiiy notv continuous in 
the cross section. Preferably, said intermediate Insulating iayer 5 presents at least one interruption. Even more preferably, 
said interruption Is located along the external profile of the inner insulating layer 3. Alternatively, said interruption is 
located in proximity of the external profile of the inner Insulating iayer 3. 

Preferably, said circumferentially non-continuous intermediate insulating iayer 5 comprises at least one sector, L e, a 
portion, which is substantially semicircular in shape (e. g. a portion which is lenticular in shape). 

According to the embodiment shown in Figure 2, the semicircular sectors are in the number of four and are obtained 
within the inner insulating iayer 3, 

Preferably, the ratio between: a) the sum of the lengths of the arcs 5a defined by said sectors on the circumference of the 
external insulating layer 4, and b) the circumference of the external insulating layer 4 itself, is greater than or equal to 0,5, 
more preferably greater than or equal to 0.7. Preferably, said ratio is lower than or equal to 1 , more preferably lower than 
or equal to 0.9. 

According to a further embodiment (not shown), the semicircular sectors are obtained within the external Insulating layer 
4. 



The particular configuration shown in Figure 2 can be advantageously employed to rapidly and easily perform the change 
of colour of the cable to be produced. 

Generally, a cable for building wiring is suitably coloured in order to simply distinguish one cable from another during 
installation and/or use. The manufacturing of a cable having the configuration shown in Figure 2 is carried out by providing 
the extrusion apparatus with a flow control device which is able to modify the flow passage of the polymeric composition 
so -hat the polymeric material, which is used to form the external insulating layer, is successively used to form the 
intermediate insulating layer, and vieeversa. in other words, said control device allows the flows of the polymeric materials 
of the external insulating layer and of the intermediate insulating iayer to be exchanged so that the change of the cable 
colour can be performed easily and in a short length of the cable so that the scraps are remarkably reduced. 

According to the embodiment of Figure 2, the inner insulating iayer 3 Is no-vexpanded while the intermediate Insulating 
layer 5 and the external insulating iayer 4 are expanded. 

Figure 3 shows the cross section of a further embodiment of a cable 30 for power transmission at low voltage according to 
the present Invention. 

Cable 30 differs from cable 20 of Figure 2 In that the external insulating layer 4 of the insulating coating 31 is non - 
expanded, in details, the insulating coating 31 comprises non-expanded inner and external insulating layers 3.4 and an 
expanded intermediate insulating layer 5. 
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According to a further embodiment (not shown), the intermediate insulating iayer is a layer which is circumferentlaily 
continuous, in the cross section. 

Preferably, said circumferentlaily continuous intermediate insulating iayer uniformly surrounds the whole externa! profile of 
the Inner insulating iayer. 

The figures illustrated above show only some of the possible embodiments of cables in which the present invention can 
be advantageously employed. Therefore, any suitable modifications can be made to the embodiments mentioned above 
such as, for example, the use of cables of the multipolar type or conductors of sectorial cross section. 

With regard to the manufacturing process of a cable according to the present invention, the main steps characterizing the 
aforesaid process In the case when the unipolar cable of Figure i has to De produced are presented in the following. 
However, the teaching given herelnbeiow for the manufacturing of a unipolar cable can be used also in the case a 
multipolar cable has to be produced. 

The conductor 1, unwound from a. suitable reel, is introduced Into an extrusion apparatus which is suitable for providing 
the conductor 1 with the insulating coating 2. 

According to the embodiment of Figure 1 , the Insulating coating 2 comprises an Inner insulating iayer 3 which is non- 
expanded and an external insulating layer A which is expanded. 

The expansion of the polymeric base of said external insulating layer 4 is carried out during the extrusion step of the latter 
and can be effected either chemically or physically. In the first case, the expansion is effected by adding to the polymeric 
composition a suitable expanding agent which is able of evolving a gas under predetermined pressure and temperature 
conditions, i. e the pressure and temperature conditions of the extruder head. In the second case, the expansion is 
effected by injecting a gas at high pressure directly into the barrel of the extruder, 

Preferably, according to the present invention, the Insulating layers 3,4 of the insulating coating 2 are applied by co- 
extrusion so that the expanded insulating layer 4 becomes integral with the non-expanded insulating layer 3, said layers 
becoming bonded together to form the cabie insulating coating 2, 

In the case -he expansion is chemically effected, examples of suitable expanding agents are: azodicarbamide, 
paratoiuene sulphonylhydrazide, mixtures of organic acids (a g, citric acid) with carbonates and/or blcarbonates (e, g. 
sodium bicarbonate), and the like. 

In the case the expansion Is physically effected, examples of gases -hat can be injected at high pressure into the extruder 
barrel are: nitrogen, carbon dioxide, air, low-boiling hydrocarbons, e. g. propane or butane, haiogenated hydrocarbons, e, 
g. methylene chloride, trichiorofluoromethane, i-chioro-i, i-difluoroethane, and the like, or their mixtures. 

Preferably, the die of the extruder head has a diameter slightly lower than the final diameter of the cabie with expanded 
covering that it has to be obtained, in such a way that expansion of the polymer outside the extruder results in attainment 
of the desired diameter. 

It has been observed that, in the same extrusion conditions (such as rotary speed of the screw, speed of the extrusion 
line, diameter of the extruder head) one of the process variables having most influence on the expansion degree is the 
extrusion temperature. In general, a sufficient expansion degree can be obtained at temperatures greater than !30°C, The 
extrusion temperature is preferably at least 140^0, more preferably about 18Q C C. Normally, an increase In extrusion 
temperature corresponds to a higher expansion degree. 

Furthermore, it is possible to control the expansion degree of the polymer to some extent by acting upon the cooling rate, 
in fact, by delaying or by suitably speeding up the cooling of the polymer forming the expanded covering as it leaves the 
extruder, It is possible to increase or decrease the expansion degree of said polymer. This can be made, for example, by 
varying the flow rate of a cooling fluid (e, g, water) in a cooler positioned downstream of the extruder head. 

Furthermore, the expanded polymeric material of the cable insulating layer of the insulating coating can undergo a cross- 
linking process. Cross-linking is effected, after the steps of extrusion and expansion, according to known techniques, in 
particular by heating in the presence of a radical initiator, for example an organic peroxide such as dlcumyl peroxide. 
Alternatively, cross-linking can be effected using siianes, L e, by using a polymer belonging to the group mentioned 
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above, in particular a poiyoiefin, to which are grafted, covalently, siiane units comprising at least one hydroiysabie group, 
for example thaikoxysiiane groups, in particular trimethoxysilane. Grafting of the sllane units to the poiyoiefin backbone 
can be made by a radical reaction with siiane compounds, for example methyitriethoxysilane, dimethyldiethoxysilane> 
yinyidimethoxysiiane. and the like. Cross-linking is effected in the presence of water and of a cross-linking catalyst, for 
example an organic titanate or a metallic carboxyiate, Dibutyitin diiaurate (DBTL) \s especially preferred. 

For further description of the invention, some illustrative examples are given below. 

***** EXAMPLE 1 A first polymeric mix was prepared suitable for making the inner insulating layer of a cable insulating 
coating. 

The composition of said mix is shown in Table i (expressed in parts by weight per 100 parts by weight of base polymer, 
or phr). 

Except for trie plasticizing agent, the components of said first polymeric mix were firstly mixed in a closed mixer working at 
a constant temperature of about 120°C <BR> <3R> and achieving a suitable vacuum degree (i. e. , a maximum residual 
pressure of about -00 mmHg). Successively, e, g. 

1 0 sec after the introduction of the mix components, the plasticizing agent was introduced Into said mixer. The polymeric 
mix, discharged at a temperature of about 120°C, was cooled at a temperature of about 70 °C and fed into an extruder. 
Thus, the extrudate was successively submitted to a pelletizlng operation. 

TABLE 1 PVC K70 Resin 1 00 (e. g. Evipoi SH7020@ produced by EVC) Antimony trioxide 0.75 Calcium carbonate 60 
Bisphenol A 0. 62 Stabilizing agent 4 Plasticizing agent 38 Mineral charge 2.5 Some samples in the form of plates were 
obtained from the pellets mentioned above in order to carry out mechanical measures, 

The flexural modulus of the polymeric material, before expansion, was measured at room temperature (20 °C) according to 
ASTM standard D790 and a value of 144 MPa was obtained. 

Ultimate tensile stress was measured according to Standard IEC 6081 1 1-1 (2nd Edition, 1985) and a value of 16.8 MPa 
was obtained. According to said Standard, the ultimate tensile stress of an insulating compound is required to be not 
lower than 12.5 MPa. while the ultimate tensile stress of a sheathing compound is required to be not lower than 10 MPa 

Ultimate elongation was measured according to Standard IEC 60811 1 -1 and a value of 250% was obtained. 

***** EXAMPLE 2 A second poiymenc mix was prepared suitable for making the external insulating layer of a cable 
insulating coating. 

The composition of said mix is shown in Table 2 (expressed in parts by weight per 100 parts by weight of base polymer, 
or phr). 

The components of said second polymeric mix were subleo-ed to process steps analogous to those described in Example 
1 L 

TABLE 2 PYC K70 Resin 100 (e. g. Evipoi SH7020@ produced by EVC) Antimony trioxide 3 Calcium carbonate 100 
Bisphenol A 0,2 Stabilizing agent 8 Plasticizing agent 40 Chlorinated paraffin 18 Some samples in the form of plates were 
obtained from said pellets in order to carry out mechanical properties measures, 

The flexural modulus of the polymeric material before expansion, was measured at room temperature (20 °C) according to 
ASTM standard D790 and a value of 32,7 MPa was obtained. 

Ultimate tensile stress was measured according to Standard IEC 60S 1 1 1-1 and a value of 14 MPa was obtained. 
Ultimate elongation was measured according to Standard IC--G 6081 1 1 -1 and a value of 320% was obtained. 
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***** EXAMPLE 3 In order to obtain during the extrusion process the expansion of the external insulating iayer, a master- 
batch of the second polymeric composition and of the expanding agent was prepared. The master-bach Is reported in 
Table 3 hereinbelow (expressed in parts by weight- % wt). 

TABLE 3 Second polymeric composition 50% wt LAGOCELL20"20% wt (expanding agent) LAGOCELLBO20® 20% wt 
(expanding agent) LAGOCELL20@ is azodicarbonamide, produced by Lagor S. p. A.. 

LAGOCELLBO20® is 4, 4'-oxybis (benzenesuifonhydrazide, produced by Lagor S. p, A., 

***** EXAMPLE 4 Production of a low-voltage cable was undertaken according to the cable design shown in Figure 1, 
The cable conductor 1 was made of copper and had a cross section of about 1 .5 mm2. 

The cable conductor was provided with an insulating coating 2 consisting of an inner insulating iayer 3 and an external 
insulating iayer 4. The inner Insulating layer 3 and the external insulating iayer were obtained by co-extrusion providing 
the extrusion apparatus with a double iayer extrusion head. The inner insulating iayer was obtained by introducing the first 
polymeric composition reported in Table 1 Into a 120 mm single- screw extruder in 25 D configuration, with rotary speed of 
the screw of about 20,3 rev/mm. T he external insulating iayer was obtained by introducing the second polymeric 
composition reported in Table 2 together with 1 . 2% by weight of the master-batch reported in Tabie 3 and 1% by weight 
of colouring agent (Polyene 3050 BK30@- produced by Polyene) into a 1-20 mm single-screw extruder in 25 D 
configuration, with rotary speed of the screw of about 45 rsv/min. 

The thickness of the Inner insulating iayer was about 0,6 mm. The thickness of the expanded external insulating iayer was 
about 0.1 mm. Therefore, the overall thickness of the insulating coating was about 0.7 mm in accordance with Italian 
Standard CEi-UNEL 35752 (2nd Edition- February -990), 

The speed line was about 570 m/min and the cable diameter was comprised between 2. 88 mm and 2.91 mm. 

Tables 4 and 5 hereinbelow show the thermal profiles of the extruders of said Insulating layers and of the extrusion head 
of the extrusion apparatus, the latter being devided Into a plurality of zones identifying distinct portion of the extruder along 
its longitudinal axis. 

Tabie 4 Zone of the extruder of the Temperature ( °C) inner insulating iayer Zone 1 125 Zone 2 145 Zone 3 145 Zone 4 
145 Zone 5 145 Neck 140 Die 150 Tabie 5 Zone of the extruder of the Temperature (°C) external insulating iayer Zone 1 
1 30 Zone 2 1 50 Zone 3 1 60 Zone 4 1 55 Neck 1 50 Die 1 50 The material of the insulating coating had a final density of 
1 .43 kg/I and a expansion degree of 5%. The expansion degree of the external insulating layer alone was of about 30%. 

The cable was successively cooled in water and finally wound on a storage reel. 

Mechanical properties A sample of the cable produced according to the procedure described in Example 4. was tested in 
order to measure the most relevant mechanical properties of the caoie. 

The ultimate tensile stress, measured according to Standard IEC 6031 1 1-1 mentioned above, was of about 15 MPa, 
while the ultimate elongation, measured according to the Standard mentioned above, was of about of 205%. 

From a manual handling of the cable sample, the Applicant has detected that the flexibility thereof was sensibly improved. 

Electrical properties The insulating constant kl was measured according to Italian Standard CEI 20-1 i mentioned above 
and values of about 750 MOhm'km at 20 °G and of about 0.7 MOhm*krn at 70 °C were obtained. 

Pee!ing-off property A sample of the cable was tested by measuring the ioad (KN) necessary for extracting the insulating 
coating from the conductor. 

T he test was carried out as follows, A cable sample of about 1 80 mm in \eng\h was provided so that a first end portion of 
the cable of about 50 mm in length and a second end portion of the cabie of about 80 mm in length were prepared devoid 
of the insulating coating. 
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Therefore, the cable consisted of an insulated centrai portion of about 50 mm in length and of first and second end 
portions made of the conductor only. A cylinder, provided with a longitudinal hole of a diameter corresponding to the 
external diameter of the insulated cable, was employed in order to contain the cable sample. 

In details, the cable sample was inserted Into the longitudinal hole of the cylinder so that the whole first end portion of the 
cabie came out from the cylinder while the centrai portion and the second end portion of the cabie were positioned inside 
the cylinder. Since the externa! diameter of the insulated portion of the cable was substantially equal to the diameter of the 
hole of the cylinder, the latter was maintained in this position thanks to the friction action between the wa«s of the hole and 
the insulated portion of the cable, A dynamometer was used to carry out the test, said dynamometer being provided with 
upper and lower clamps, in details, the dynamometer fixing upper clamps were associated to the cabie conductor of the 
first end portion whiie the dynamometer movable fixing lower clamps were associated to the iower end of the cylinder so 
that the latter couid be moved downwardly (L e, in the direction of the longitudinal hole), The test was stopped when the 
cylinder was displaced downwardly of a length equal to the iengtb of the cable insulated portion (L e,. about 50 mm) and 
the force necessary to obtain said <BR> <BR> displacement (L e, , the force necessary to remove the insulating coating 
from the conductor) was measured. The measured value was of about 0.025 KN. 

Marking property A sample of the cable was marked by embossing when the cable came out from the extrusion head, i. e. 
when the cable was not cooled yet. 

in order to evaluate the quality of the marking, the sample was inspected by means of a reflection microscope and a 
height of about 40 8m of the marked letters was measured, 

***** EXAMPLE-: 5 (comparative) Production of a low-voltage cabie similar to that of Example 4 was undertaken, the only 
difference being that the externa: insulating layer of the cable was non™ expanded. Therefore, the external insulating layer 
was obtained by introducing into the corresponding extruder only the polymeric composition reported in Table 2 (no 
master-batch was needed since no expanding agent was required). 

The working conditions of the cable manufacturing process were identical to those described in Example 4. 

Mechanical properties A sample of the cable was tested in order to measure the most relevant mechanical properties of 
the cable. 

The ultimate tensile stress, measured according to Standard IEG 5081 1 1 -1 mentioned above, was of about 16 -vlPa. 
while the ultimate elongation, measured according to the Standard mentioned above, was of about of 2.05%, 

Electrical properties The insulating constant kl was measured according to Italian Standard CEI 20-1 1 mentioned above 
and values of about 800 MOhnTkm at 20 °G and of about 0,7 MOhrrTkm at VOX) were obtained, 

Peeling-off property A sample of the cable was tested analogously to the procedure described in Example 4. 

The measured value was of about 0,045 KN, 

Marking property A sample of the cable was marked by embossing according to the procedure described in Example 4. 
The height of the marked letters was of about 20 Bra 

CLAIMS 1, Electric cable (10; 20; 30) comprising a conductor (1) and an insulating coating (2; 21: 31} surrounding said 
conductor (1) 5 said insulating coating (2; 21 ; 3 1) having a predetermined thickness and comprising at least two insulating 
layers (3; 4; 5). characterized in that in a radial direction from the inside towards the outside of said electrical cable (10; 
20; 30) ; said insulating layers (3; 4: 5) comprise: a, at least one insulating layer (3) made of a non-expanded polymeric 
material, and b. at least one insulating layer (4; 5) made of an expanded polymeric material, said at least one insulating 
layer (4; 5) made of an expanded polymeric materia! being integral with said at least one insulating layer (3) made of a 
non~ expanded polymeric material 

2. Electric cable (10; 20; 30) according to Claim 1 , wherein the thickness of said at least one insulating layer (3) made of a 
non-expanded polymeric material is at least half of said predetermined thickness of said insulating coating (2: 21 : 31 ). 
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3. Electric cable (10; 20; 30} according to Claim 2, wherein the thickness cf said at least one insulating layer (3) made of a 
non-expandeci polymeric materia! is not lower than 70% of said predetermined thickness of said insulating coating (2; 21 ; 
31). 

4. Electric cable (10; 20; 30) according to Claim 3, wherein the thickness of said at least one insulating layer (3) made of a 
non-expanded polymeric material is not lower than 85% of said oredetermlned thickness of said insulating coating {2; 21 ; 
31), 

5. Electric cable (10; 20; 30) according to Claim 1 , wherein said at least one insulating layer (4; 5) made of an expanded 
polymeric material is bonded with said at least one insulating layer (3) made of a non-expanded polymeric material. 

6. Electric cable (10; 20; 30} according to Claim 1 , wherein said at least one insulating layer (4; 5) made of an expanded 
polymeric material is co- extruded with said at least one insulating layer (3) made of a non-expanded polymeric materia!. 

7. Electric cable (10; 20; 30) according to Claim 1 , wherein said at least one insulating layer (3) made of a non-expanded 
polymeric material adheres to said at least one conductor (1). 

8. Electric cable (20) according to Claim 1 3 wherein said at least one insulating layer (5) made of an expanded polymeric 
material of said insulating coating (21) is an intermediate layer between an inner insulating layer (3) made of a non- 
expanded polymeric material and an external insulating layer (4) made of an expanded polymeric material. 

9. Electric cable (30) according to Ciaim 1 5 wherein said at least one insulating layer (5) made of an expanded polymeric 
material of said insulating coating (31) Is an intermediate layer between an inner Insulating layer (3) made of a non- 
expanded polymeric material and an externa! insulating layer (4) made of a non-expanded polymeric material 

10. Electric cabie (20 ; 30) according to Ciaim 8 or 9, wherein said intermediate Insulating layer (5) is circumferentlally 
non-continuous in the cross section. 

1 1 . Electric cabie (20; 30) according to Claim 1 0, wherein said intermediate insulating layer (5) presents at least one 
interruption, 

12. Electric cable (20 ; 30) according to Claim 1 1 . wherein said at least one interruption is located along the external 
profile of said inner insulating layer (3), 

13. Electric cable (20; 30) according to Claim 10, wherein said at least one interruption is located in proximity of the 
external profile of said inner insulating layer (3), 

14. Electric cabie (20; 30) according to Ciaim 10, wherein said circumferentlally non-continuous intermediate insulating 
layer (5) comprises at least one semicircular sector. 

1 5. Electric cable (20; 30) according to Ciaim 1 4, wherein said at least one semicircular sector is provided within said 
inner Insulating layer (3). 

1 6. Electric caDie (20; 30) according to Ciaim 1 4, wherein said at least one semicircular sector is provided within said 
external insulating layer (4). 

1 7. Electric cable (20; 30) according to Ciaim 8 or 9, wherein said Intermediate insulating layer (5) is circumferentlally 
continuous in the cross section. 

IB, Electric cable (10; 20; 30) according to Claim i , wherein said expanded polymeric material is obtained from a 
polymeric material that, before expansion, has a flexurai modulus at room temperature, measured according to ASTM 
Standard D790, comprised between 20 MPa and 600 MPa. 

19. Electric cabie (10; 20; 30) according to Claim 18 s wherein said flexurai modulus Is not greater than 200 MPa. 
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20. Electric cable (10; 20; 30) according to Claim 19, wherein said fiexural modulus is comprised between 20 MPa and 
200 MPa. 



21 . Electric cable (1 0; 20; 30) according to Claim 20, wherein said fiexural modulus is comprised between 1 0 MPa and 
150 MPa. 

22. Electric cable (10; 20; 30) according to Claim 1 , wherein the polymeric material of said at least one insulating layer (4; 
5) is an expandable polymer selected from the group comprising: poiyoiefins, copolymers of various olefins, 
olefins/unsaturated esters copolymers, polyesters, and their mixtures. 

23, Bectrlc cable (10; 20; 30) according to Claim 22. wherein said expandable polymer is polyvinyl chloride. 

24. Electric cable (10; 20; 30) according to Claim 1 . wherein said at least one Insulating layer (3) made of a non-expanded 
polymeric materia! and said at least one insulating layer (4; 5) made of an expanded polymeric material are made of the 
same base polymeric material. 

25, Electric cable (1 0; 20; 30) according to Claim 1 , wherein said at least one insulating layer (4; 5) made of an expanded 
polymeric material has an expansion degree comprised between 2% and 500%, 

26, Electric cable (10 ; 20; 30) according to Claim 25, wherein said expansion degree is comprised between 5% and 
200%. 



27. Eiectric cable (10 ; 20; 30) accordina to Claim 26, wherein said expansion degree is comprised between 10% and 
50%. 

28. Electric cable (1 0; 20; 30) according to Claim 1 , wherein said at least two Insulating iayers (3; 4; 5) of said insulating 
coating (2; 21 ; 31) present an insulating constant (ki) greater than 750 MOhm*km at 20 Cv C. 

29. Electric cable (1 0; 20; 30) according to Claim 1 , wherein said at least two Insulating iayers (3; 4; 5) of said insulating 
coating (2; 21 ; 31) present an insulating constant (ki) greater than 0.3 MOhm*km at 70 °C. 

30. Electric cable (10; 20) according to Claim 1, wherein said at least one insulating layer (4) made of an expanded 
polymeric materia! has a thickness comprised between 0.05 mm and 1,00 mm. 

31 . Electric cable (10; 20) according to Claim 30, wherein the thickness of said at least one insulating layer (4) made of an 
expanded polymeric material is comprised between 0.10 mm and 0.50 mm. 

32. Process for manufacturing an electric cable (10: 20; 30). said cable (10; 20; 30) comprising a conductor (1) and an 
insulating coating (2; 21 : 31} surrounding said conductor (1) and comprising, in a radial direction from the inside towards 
the outside of said electrical cable (10; 20; 30), at least one insulating layer (3) made of a non-expanded polymeric 
material and at least one insulating layer (4; 5) made of an expanded polymeric material, said process comprising the 
steps of: ■■ feeding said conductor (1) to an extruding machine; ■■ depositing by co-extrusion: a non-expandable polymeric 
material in a position radially external to said conductor (1) so as to form said at least one insulating layer (3) made of a 
non-expanded polymeric material ; an expandable polymeric material in a position radially external to said at least one 
insulating layer (3) made of a non-expanded polymeric material so as to form said at least one Insulating layer (4; 5) made 
of an expanded polymeric material; - expanding said expandable polymeric material during said step of depositing by co- 
extrusion. 

33. Process according to Claim 32, wherein said step of expanding is effected during said step of depositing by co- 
extrusion by adding an expanding agent. 

34. Process according to Claim 33, wherein said step of expanding is effected during said step of depositing by co- 
extrusion by injecting a gas at high pressure. 
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